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The paper presents the results of studies of the dielectric relaxation of
nematic 4’-butyloxy-3-fluoro-4-isothiocyanatotolane, performed for different
values of the angle between the probing electric field E and the macro-
scopic orientation of the sample (the director m) forced by the magnetic
field B. Due to a relatively large transverse component of the dipole mo-
ment of 4’-butyloxy-3-fluoro-4-isothiocyanatotolane, the studies allowed one
to interpret consistently the dielectric relaxation spectra connected with the
molecular rotation around the long axis.

PACS numbers: 64.70.Md, 77.84.Nh, 77.22.Gm

1. Introduction

The dielectric relaxation is still a very useful method for studies of the molec-
ular dynamics in isotropic liquid and liquid crystalline materials [1—6]. Assuming
polar molecules to be a rigid body, interacting solely with an external electric
field, the dynamics manifests itself as an electromagnetic energy absorption due
to the changes of the molecules dipole moment projection on the field direction.
In isotropic polar liquids, as the molecules rotate around their axes of symme-
try corresponding to minimum and maximum of their momentum of inertia (the
molecular long and short axes), two absorption bands can be observed in the di-
electric relaxation spectrum.
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A new axis of symmetry (the director n) appears when an external orienting
field is applied to the nematic sample. Then, the long axis of mesogenic molecules
forms with the director n an angle @, the mean value of which is a measure of
the order parameter S = (3 cos? @ — 1)/2. In such a case the mesogenic molecules
rotate on the cone around the director n, and, as we discussed previously [7], a
new absorption band appears at about 100 MHz in the spectrum recorded for
E 1 nlet(w).

The model of possible molecular rotations in oriented nematic liquid crystals
proposed in [7] was based on the experimental results obtained for the mesogenic
molecules in which the resultant dipole moment was roughly directed along the
molecular long axis, i.e. the transversal component of the dipole moment was
strongly reduced. Hence, the strength of the absorption band corresponding to the
molecular rotation around the long axis was too low for its quantitative analysis.
The data presented in this paper complete this matter: the experiment was per-
formed for mesogenic molecules with an important transversal component of the
dipole moment.

2. Experimental

The nematic liquid crystal 4’-butyloxy-3-fluoro-4-isothiocyanatotolane (BFTT)
F

C4H90©C = - HN=C=s,

with the following sequence of phase transitions: (Cr) 62.6°C (N) 71.8°C (I), was
synthesized and purified at the Institute of Chemistry, Military Technical Uni-
versity, Warsaw. The nematic sample was placed in a plane cooper capacitor and
oriented with the magnetic field B (1.2 T). The sample thickness was 0.5 mm. The
dielectric relaxation spectra were recorded for different values of the angle « be-
tween the probing electric field E (which is perpendicular to the electrodes surface)
and the director n (i.e. the orienting magnetic field direction). The measurements
were performed in the frequency range of 1 MHz to 2 GHz using an HP 4291B
Impedance Analyzer, at 65°C.

3. Results and discussion

Figure 1 presents a quasi-continuous evolution of the dielectric relaxation
spectrum of nematic BFTT from Eﬁ (w) to e* (w), recorded at every 10° angle step.
As we observed previously for 6CHBT [7], the two spectra transform into each
other softly. It is clearly seen in 2D picture that the dielectric anisotropy (Ae =
g —e1) of BFTT changes its sign two times: at about 10 MHz and 500 MHz. For
low frequencies of the measuring electric field the dielectric anisotropy is positive,
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Fig. 1. The change of the dielectric relaxation spectra (2D and 3D) of nematic BETT
from ejj(w) (E || n) to el (w) (E L n) for the angle o (E, n) step of 10°. The arrows point

out the frequencies at which the dielectric characteristics show no angle dependence.

next between 10 MHz and 500 MHz is negative and for the higher frequencies —
once more positive.

As expected for the compound studied, due to the lateral substituted fluorine
atom giving a transversal dipole moment of about 1D, the strength of the dielec-
tric absorption band situated at about 1 GHz — corresponding to the molecular
rotation around the long axis — 1s quite important and can be submitted to a
quantitative analysis. In Fig. 2a the Cole—Cole plot transformation from E || n to
E 1 n is depicted for different values of the angle «. In the plot corresponding to
E || n (Fig. 2b) one observes a good separated semi-circle corresponding to BFTT
molecules rotation around the long axis. Figures 2b and ¢ present the resolution
of the experimental ¢” vs. ¢’ dependences into elementary contributions, accord-
ing to the model of possible molecular rotations in oriented nematic liquid crystal
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Fig. 2. Cole—Cole plots evolution from E | n to £ L n (a) and the resolution of the

extreme plots into elementary contributions (b and c).

presented in [7] and sketched in Fig. 3. The mesogenic molecules rotate around
the three axes of symmetry: two of them concern the molecule itself — the short
and long molecular axes (the band 1 and 3, respectively) and the third axis is the
director n (the band 2).

The resolution of the experimental dielectric relaxation spectra into elemen-
tary contributions was performed with the use of an empirical Cole-Cole for-

mula [8]:

A;

S =l L)

i) = 24l) = ieflw) = e+ 0 13
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where the k; parameter refers to the distribution of the relaxation times. For the
limiting value k; = 0, the ¢-th reorientational process is described by a single
relaxation time (the Debye-type process). 4; and 7; denote the dielectric strength
and the relaxation time, respectively. A;, 7;, and k; are the adjustable parameters
in the procedure of the fitting of Eq. (1) to the experimental data. The e, is the
high frequency value of the permittivity. From the fitting procedure results that,
similarly to previously studied 6CHBT, the three absorption bands are very close
to Debye-type (k; #1072, i = 1,2,3).

~COs O

Fig. 3. Possible molecular rotations around the symmetry axes in oriented nematic
liquid crystal, which cause a change of the dipole moment projection on the probing
electric field E direction.

As results from the analysis of Fig. 3, the dielectric relaxation spectra, both
Eﬁ (w) and &% (w), recorded for perfectly oriented nematic liquid crystal, should be
composed of two elementary contributions. Namely, in the spectrum Eﬁ (w) (E|| n)
the energy absorption due to the rotations (a) and (c), and in the spectrum
¢ (w), (F L n) — rotations (b) and (c), can be observed. For the perfect ori-
entation two conditions have to be fulfilled: (i) the axis corresponding to the min-
imum of the momentum of inertia (the long molecular axis) should be collinear
to the axis of the maximum of magnetic susceptibility (when the magnetic field
is used for molecular alignment), and (ii) there is no influence of the cell surfaces
on the molecular orientation. Because, in general, the above conditions are not
fulfilled, especially the second one, the most often the dielectric relaxation spectra
are composed of three components, although, as seen in Fig. 2b, the band 2 in the
Eﬁ (w) spectrum appears as a trace only. An appearance of the band 1 in the 7 (w)
spectrum is certainly connected with the influence of the capacitor surfaces on the
orientation of the mesogenic molecules, which, as a consequence, are not exactly
parallel to the surfaces with their long axes.

Figures 4 and 5 present, respectively, the dependences of the strengths Ay, Ao,
and As and the relaxation times 7, 7, and 73, corresponding to the elementary
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Fig. 4.

to the dielectric relaxation spectra of nematic BF'TT at 65°C. The solid lines represent
2

The angle dependence of the strengths of the three elementary contributions

the functions cos®a and sin®e«, respectively.
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Fig. 5.

mentary contributions to the dielectric relaxation spectra of nematic BFTT.

The angle dependence of the relaxation times corresponding to the three ele-

spectral contributions, on the value of the angle a(E, n). Of course, the most
important result concerns the angular behavior of As. The dielectric strength cor-

responding to the molecular rotation around the long axis changes as sin?

«, which
is in full agreement with our model (Fig. 3¢). The angular dependences of A; and
As coincide with those previously observed for 6CHBT. Similarly to 6CHBT, the

relaxation times 71, 72, and 73 depend rather weakly on the angle «. The relaxation
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time 71, corresponding to the molecular rotation around the short axis (strictly,
it is the rotation around the axis perpendicular to the director n) points out for
a tendency for acceleration of this rotation for a approaching 90°. The effect is
probably due to the essential reduction of the interaction between the molecular
dipole moment and the probing electric field in the configuration close to £ L n.
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